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© Medical capsule and apparatus for activating the same. 



@ A medicai capsule having an outer cylinder (2) 
and a piston (5) movable in the outer cylinder, the 
piston being activated by an externally given signal 
so as to discharge a medicine to the outside of the 
capsule or to suck in a humor for a sampling pur- 



pose. The capsule has a remote controllable means 
(S) including a normally-opened lead switch which 
connects a power supply to an activating means in 
response to an externally given magnetic signal 
thereby initiating activation of the medical capsule. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a medical cap- s 
sule for conducting sampling of a humor or dosage 
of a medicine at a desired location inside a living 
body. 

2. Description of the Prior Art 10 

Hitherto, a medical capsule has been known as 
a device which conducts sampling of, for example, 
intestinal liquid, or dosage of a medicine at a 
predetermined location in a living body, for the 75 
purpose of diagnosis or medical treatment. 

The medical capsule has a capsule-like her- 
metic casing having an openable portion. When 
such a medical capsule swallowed by a patient has 
reached a predetermined position inside the pa- 20 
tient's body, the openable portion is opened so as 
to sample a humor such as a gastric juice or to 
dose a medicine charged in the capsule. Then, the 
capsule is discharged through anus of the patient 
and collected. Such a medical capsule is disclosed, 25 
for example, in Japanese Patent Publication Nos. 
53-53182, 55-9033. 55-49853, 57-1255, 57-39776 
and 61-11104. 

This medical capsule is very small and can 
easily swallow without any pain and, hence, is 30 
attracting attention in the medical fields. In particu- 
lar, the medical capsule, when used for the pur- 
pose of dosage, can directly dose the medicine to 
the affected part of the body, thus attaining a great 
medical treating effect. For instance, when this 
capsule is used against a cancer in an alimentary 
system, a remarkable carcinostatic effect without 
side-effect, thus offering a desired treating effect 

A known medical capsule for sampling will be 
described in more detail. As shown in Fig. 4, a 40 
medical capsule used for the sampling purpose 
has a hermetic casing 103 composed of a frame 
101 and an outer cylinder 102. A piston 104 is 
movably received in the outer cylinder 102. As the 
piston 104 is moved, a vacuum region is produced 45 
in the outer cylinder 102 so that a gastric juice 
around the casing is sucked into the capsule 
through ports 105, 106, whereby the sampling of 
the gastric juice is conducted. This medical cap- 
sule for sampling is disclosed in Japanese Utility 50 
Model Publication No. 57-57684. 

The piston 104 in this medical capsule op- 
erates by the springing force of a spring 107. 
Initially, the spring 107 is compressed and held in 
the compressed state by a fixing thread 108. After 55 
the capsule is swallowed by a patient, the position 
of the capsule is traced and monitored by an 
external monitoring device such as a roentgen ap- 



paratus. When the capsule has reached a predeter- 
mined position inside the body, a resonance of a 
resonance circuit is caused by an externally given 
radio wave so as to supply an electrical current to 
a filament 109. The fixing thread 108 is then molten 
by the heat generated by the filament 109 so that 
the piston 104 is projected by the resilient force of 
the spring 107, whereby the capsule sucks a gas- 
tric juice to complete the sampling. 

Fig. 5 illustrates a known medical capsule used 
for the purpose of dosage. This capsule has a 
medicine chamber 110 in one end of which a 
piston 104 is received slidably, whereas a dis- 
charge port 112 formed in the other end of the 
medicine chamber 110 is normally closed by a 
plug 111. This medical capsule is disclosed, for 
example, in Japanese Patent Publication No. 55- 
49853. Other portions are materially the same as 
those of the medical capsule shown in Fig. 4. For- 
information, the same reference numerals are used^ 
to denote the same parts as those appearing in 
Fig. 4 and the description of such parts is omitted 
herein. 

In operation, the fixing thread 108 is cut by the 
same method as that described before, so that the 
piston 104 moves inside the outer cylinder 102 so 
that the medicine Y in the medicine chamber is 
pressurized to forcibly remove the plug 111 so as 
to be discharged from the capsule. 

Various other methods have been proposed for 
externally activating medical capsules. For in- 
stance, the following four methods have been pro- 
posed. 



Long electric cords are connected to the cap- 
sule and the ends of the cords are held outside the^^ 
body after the capsule is swallowed. When thel^ 
capsule has reached a desired position, electrical 
current is supplied from an external power supply 
to the capsule through the cords so as to cut the 
fixing thread. Thus, the fixing thread is cut directly 
by a remote control. 

(2) Melting method 

This method eliminates the necessity for exter- 
nal monitoring apparatus and external power sup- 
ply. Namely, a portion of the hermetic casing is 
formed of a digestive film which can be molten by 
a predetermined environment inside the body. A 
cutter for cutting the thread is operated as this 
digestive film is molten. This method is disclosed 
in Japanese Patent Publication No. 55-30385. 

(3) Vibration method 



35 (1) Direct remote control method 
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A vibrator element inside the capsule is vibrat- 
ed by an externally given vibratory energy so as to 
mechanically cut the fixing thread. This method is 
disclosed in Japanese Patent Publication No. 55- 
30386. 

(4) Supersonic method 

In this method, a heater is energized by an 
externally applied supersonic wave so as to cut the 
fixing thread. This method is disclosed in Japanese 
Patent Publication No. 57-2015. 

The term "medicine" in this specification is 
used to mean medical agents, microorganisms and 
so forth which are used for the purpose of diagno- 
sis, curing, treatment and prophylaxis. The term 
"dosage" means application or dosage of such a 
medicine. 

The following problem is encountered with the 
medical capsule of the type which supplies elec- 
trical current to a filament by a resonance circuit 
operated by an external instruction radio wave. 
Namely, in this type of medical capsule, an elec- 
trical current is continuously supplied even when 
the capsule is not being used once the capsule is 
assembled, in order to make sure of the safe 
operation of the capsule, and the switching of the 
circuit is conducted by means of a transistor. Con- 
sequently, the battery power is consumed heavily. 
In addition, a capsule which has been shelved long 
may fail to operate due to exhaustion of the bat- 
tery. Furthermore, the effective reach of the radio 
wave, i.e., the distance within which the capsule 
can be operated without fail by the radio wave, 
differs according to individual patient. Usually, the 
effective reach of the radio wave is set to be 6 to 
10 cm. The capsule therefore may not operate 
when applied to a fatty patient. 

The direct remote control method also involves 
a problem in that it causes a physical pain on the 
patient because the patient is obliged to swallow 
not only the capsule but also electric cords con- 
nected thereto. From this point of view, indirect 
activating methods are preferred. Indirect activating 
methods, however, are also disadvantageous in 
that uncertain time lag tends to be caused between 
the moment at which the external activating ap- 
paratus is operated and the moment at which cap- 
sule is actually activated. 

The medical capsule of digest type also con- 
tains a difficulty in that the control of position inside 
the body at which the capsule is activated is very 
difficult to conduct. The position varies according 
to the individual patients so that the discharge of 
the medicine cannot be controlled accurately. 

The medical capsule of the vibration type also 
is defective due to inaccurate cutting of the fixing 
thread, thus impairing reliability of the dosage. In 
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addition, this type of medical capsule has a com- 
plicated construction which makes it difficult to 
reduce the size and cost. 

Furthermore, in known medical capsules of the 

5 type employing a closure plug, it is necessary that 
the closure piug securely holds the sealing con- 
dition when the capsule is not activated, whereas, 
when the capsule is activated, the plug 1 1 1 opens 
the discharge opening without fail and yet still held 

10 on the capsule without being severed therefrom. 
Consequently, a complicated connecting construc- 
tion is required for connecting the plug 111 to the 
outer cylinder 102. In addition, the discharge of the 
medicine Y cannot be conducted with a high de- 

75 gree of reliability. 

The fixing thread 108, which is used in the 
known medical capsule, is usually a cotton thread 
or a thread produced from synthetic fibers. Such a 
thread cannot be cut instantaneously. Namely, 

20 there is a slight time lag or delay until the fixing 
thread is cut. Such a delay makes it difficult to 
accurately control the position at which the capsule 
is activated, with the result that the expected curing 
or treating effect cannot be attained or the accu- 

25 racy of examination is impaired due to inferior 
sampling. 

SUMMARY OF THE INVENTION 

30 Accordingly, a first object of the present inven- 

tion is to provide a medical capsule which can 
operate with reduced power consumption and 
which can be shelved for a long time and yet 
capable of operating without fail for dosage or 

35 sampling while minimizing pain posed on the pa- 
tient, thereby overcoming the above-described 
problems of the prior art. 

A second object of the present invention is to 
provide a fixing thread which can be cut easily 

40 when the capsule is used. 

To achieve the first object, the invention pro- 
vides a medical capsule including: a main block; an 
outer cylinder and a cover which are secured to 
both ends of the main block; a working chamber 

45 defined between the main block and the outer 
cylinder; a piston slidably received in the working 
chamber; a spring member acting between the 
piston and the main block so as to urge the piston 
towards the outer end of the outer cylinder; a fixing 

so thread for fixing said piston to the main block 
against the force of the spring member; a filament 
for heating and melt-cutting the fixing thread; a 
battery for supplying electrical power to the fila- 
ment; and a remote-controllable means capable of 

55 connecting the filament to the battery; wherein the 
improvement comprises: a medicine discharge 
opening formed in one end of the outer cylinder; a 
seal film closing the discharge opening so as to 

3 
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seal the working chamber; and a projection pro- 
vided on the end of the piston 5 adjacent to the 
seal film so as to puncture the seal film when the 
piston advances. 

To achieve the first object, the present inven- 
tion also provides a medical capsule of the type 
described above, wherein the working chamber is a 
hollow chamber and is provided with a port through 
which a humor is sucked into the working chamber 
as a negative pressure is established in the work- 
ing chamber as a result of the movement of the 
piston. 

To achieve the first object, the present inven- 
tion also provides a medical capsule of the type 
described above, wherein the remote-controllable 
means includes a normally-opened lead switch 
adapted to be turned on and off by an externally 
applied magnetic force. 

Preferably, the seal film is made of poly- 
tetrafluoroethylene. 

To achieve the second object, the present in- 
vention provides a medical capsule, wherein a 
combustible material is applied to the fixing thread. 

When the medical capsule of the present in- 
vention is used, the position of the swallowed cap- 
sule in the patient's body is monitored from the 
exterior and, when the capsule has reached a pre- 
determined position, an activating signal is applied 
externally so as to instantaneously cut the thread. 
In consequence, the piston is made to slide in the 
working chamber so that a projecting portion of the 
piston breaks the seal film so that whole of the 
medicine charged in the working chamber is dis- 
charged without fail. 

The medical capsule of the present invention, 
regardless of whether it is used for dosing or 
sampling purpose, may include a magnetically op- 
erable lead switch as control means. Such a lead 
switch can be turned on easily and without fail by 
an external magnetic flux generator. It is therefore 
possible to activate the capsule at a desired posi- 
tion without fail. Furthermore, since the effective 
distance of activation can be increased, the medi- 
cal capsule can be shelved for a longer time with 
reduced consumption of the battery power. In addi- 
tion, any unfavorable effect is eliminated and the 
construction is simplified. 

The fixing thread may be impregnated with a 
combustible material. When the filament is en- 
ergized, the fixing thread is molten by the heat 
generated by the filament and by the heat pro- 
duced by burning of the combustible material ig- 
nited by the heat generated by the filament. Con- 
sequently, the fixing thread can be cut almost 
instantaneously. Consequently, the operation of the 
piston can be effected without substantial delay 
after the operation of the external activating appara- 
tus, thus enhancing the accuracy of the control of 



the capsule. The medical capsule of this type is 
used in a living body in which oxygen concentra- 
tion is usually small. It is therefore preferred that 
the fixing thread is disposed in the cavity of the 

5 main block in contact with the filament, so that the 
melt-cutting of the fixing thread is promoted by 
burning of the combustible material by virtue of a 
certain amount of the oxygen contained in this 
cavity. The strength of the fixing thread itself is 

io enhanced when the impregnating material is a 
combustible oil, whereby two incompatible require- 
ments, i.e., ease of cutting of the thread and stabil- 
ity of fixing of the piston, are simultaneously satis- 
fied. 

75 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a first embodiment 
of the medical capsule in accordance with the 

20 present invention; 

Fig. 2 is a perspective view of a lead switch 
incorporated in the first embodiment; 
Fig. 3 is a sectional view illustrative of the op- 
eration of the embodiment shown in Fig. 1 ; 

25 Fig. 4 and 5 are illustrations of critical positions 
of known medical capsules. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

30 

Fig. 1 shows a first embodiment of the medical 
capsule of the present invention intended for use in 
dosage of a medicine. The medical capsule of this 
embodiment has a generally elongated oval shape 

35 having a main block 3, an outer cylinder 2 made of 
polycarbonate and having a bottom-equipped cylin- 
drical form, and a cover member 4, the outer 
cylinder 2 and the cover 4 being screwed to both 
ends of the main block 3 through intermediaries of 

40 "O" rings. A working chamber A is formed between 
the main block 3 and the outer cylinder 2. A piston 
5 disposed in the working chamber A is urged 
towards the end of the outer cylinder 2 by means 
of the coiled spring 26 which acts between the 

45 piston 5 and the main block 3. A medicine cham- 
ber Y which is to be charged with a medicine is 
defined by the piston 5 and the outer cylinder 2. 

Typical examples of the medicine charged in 
the medicine chamber Y are antibiotics formed 

50 from the following agents: antitherioma agents such 
as defcal (commercial name futrahool, produced by 
Taiho Yakuhin K.K.), anti-therioma agents 
(commercial name Picibanil, produced by Chugai 
Seiyaku K.K.), and Kawaratake-extract polysaccha- 

55 ride (commercial name Kurestin, produced by 
Kureha kagaku, K.K.); radioactive medicines such 
as sodium (commercial name Tekunesin Tc-99 
produced by Medifix K.K.); sefem type medicines 

4 
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such as Sefarexin (commercial name Kefral, pro- 
duced by Shionogi Seiyaku K.K.) and sefalexin 
(commercial name Keflex, produced by Shionogi 
Seiyaku K.K.); and synthetic penicillin type medi- 
cines such as sodium kuroxacillin (commercial 
name Orben, produced by Shionogi Seiyaku K.K.). 

The outer cylinder 2 and the cover 4 respec- 
tively have dome-shaped bottoms 2a and 4a which 
enable the capsule to smoothly move in the pa- 
tient's body. The bottom 2a of the outer cylinder 2 
is provided with a medicine discharge port 6 which 
is usually covered with a seal film m. Preferably, 
the seal film m is made of a thin film of a material 
having a high resistance to medical liquid and easy 
to break, such as polytetrafluoroethylene. This, 
however, is only illustrative and the seal film m 
may be formed from other types of material. 

Preferably, the outer cylinder 2 is provided with 
ports 9 formed substantially in the center of the 
side walls thereof. It is also preferred that ports 10 
are formed in an intermediate portion of the piston 
5. In operation, humor is introduced to the back 
side of the piston 5 through the ports 9 and 10 so 
as to negate any negative pressure behind the 
piston 5, thus ensuring smooth operation of the 
piston 5. 

When pickup of the humor is to be avoided, 
these ports 9, 10 are omitted and, instead, com- 
pressed air is charged in a battery chamber C 
inside the cover 4. In such a case, the thread 
portion N where the cover 4 is screwed to the main 
block 3 has a substantial length so that air initially 
confined in the battery chamber C is progressively 
compressed as the cover 4 is screwed to the main 
block 3. 

The main block 3 also is made of polycar- 
bonate. The main block 3 is provided at its right 
end with a recess for accommodating a battery B 
and at its center with a central bore 3a which 
receives a lead switch s. The lead switch s is a 
normally-opened switch having two lead lines 11, 

12 connected to a pair of silver batteries B, B (each 
being of 1.5V) as shown in Fig. 2. One 12 of the 
lead lines has one end connected to a contact 13 
which is received in a glass tube 14 so as not to 
unintentionally contact with the other contact 15. 
The contact 15 and the lead line 11 are extended 
externally of the glass tube 14 and are connected 
to each other through a filament 16. The contacts 

13 and 15 are resilient magnetic members and are 
highly sensitive to magnetic lines of force of a 
direction of an arrow D so as to be turned on in 
response to this magnetic lines of force, thereby 
allowing electrical power to be supplied from the 
batteries B to the filament 16 to generate heat. 
When no magnetic force is applied, these contacts 
are kept off, i.e., away from each other, due to their 
resiliency. 



In the drawings, numeral 21 designates a 
spring for pressing the battery B. 

The piston 5 is a cylindrical member made of 
polycarbonate and adapted to slide within the outer 

5 cylinder 2. A thread retaining cap 22 is detachably 
press-fitted in the end of the outer cylinder 2. A 
projection 22a for puncturing or piercing the seal 
film m is provided on the end of the cap 22. A 
coiled spring 26is loaded between a step 24 

io formed on the inner peripheral surface of the piston 
5 and a step 25 formed on the main block 3. 

The piston 5 is fixed to the main block 3 by a 
fixing thread 28 against the force of the coiled 
spring 26. Although not exclusive, the fixing thread 

is 28 is made of a material having a high strength and 
a comparatively low melting point, e.g., a 
polyethylen terephthalate thread having a melting 
point ranging between 200° C and 270* C. 

The fixing thread 28 has both ends fastened to 

20 the thread retaining cap 22 and is extended so as 
to contact with the filament 16 within a bore-like 
chamber 17 of a predetermined volume formed in 
the main block 3. 

Preferably, a combustible material is applied to 

25 the fixing thread 28. The combustible material is 
preferably a non-volatile substance having a com- 
paratively low flash point. Practical examples of the 
combustible material are wax, benzene, naphtha- 
lene and so forth, as well as combustible oil. The 

30 combustible material applied to the fixing thread 28 
is easily ignited to promote the rupture of the fixing 
thread 28 by melting. When an oil is used as the 
combustible material, the mechanical strength of 
the fixing thread is increased.so that two generally 

35 incompatible requirements, i.e., ease of rupture and 
stability of support of the piston, are satisfied si- 
multaneously. 

The operation of the medical capsule and ac- 
tuating apparatus of the invention will be described 

40 hereinunder. 

The medical capsule for dosage of a medicine, 
set up in the manner illustrated in Fig. 1, is swal- 
lowed by a patient The position of the capsule 1 
inside the patient's body is traced and monitored 

45 by an external monitoring device such as an X-ray 
transmissive camera. When the capsule has 
reached a predetermined position inside the pa- 
tient's body, the magnetic field generating means 
are started and are energized to generate magnetic 

so fields, and the contacts 13 and 15 of the normally 
opened lead switches S in the capsule 1 inside the 
patient's body are brought into contact by the 
magnetic fields. 

Thus, the contacts 13 and 15 of the normally 

55 opened lead switches s in the capsule 1 inside the 
patient's body M are brought into contact to close 
the circuit by the magnetic fields generated by the 
magnetic field generating units 51 . Until these con- 
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tacts 13 and 15 contact each other, the current 
from the battery B does not flow so that wasteful 
use of the battery power is prevented. 

As a result of the closing of the circuit by the 
contacts 13, 15, electrical current is supplied to the 
filament 1 6 to red-heat the same, so that the fixing 
thread 28 fixing the piston 5 is molten and cut. 
Consequently, the piston 5 moves to the left as 
viewed in the drawings by the force of the coiled 
spring 26. In an initial period of the movement t of 
the piston 5, the ports 9 in the outer cylinder 2 and 
the ports 10 in the piston 5 partially overlap each 
other, so that the working chamber A is commu- 
nicated with the exterior so as to allow a fluid such 
as humor to flow into the working chamber A 
through the ports 9 and 10. In the case where the 
ports 9 and 10 are not provided, the pressurized air 
confined in the battery chamber C cancels the 
negative back pressure behind the piston S.thus 
ensuring a smooth operation of the piston. 

The medicine in the medicine chamber is pres- 
surized in the beginning period of movement of the 
piston 5. This pressure, however, is absorbed by 
an elastic deformation of the seal film m and, 
hence, does not produce any undesirable effect. 

A further movement of the piston 5 causes the 
projection 22a on the piston 5 to break the seal film 
m as shown in Fig. 3, so that the whole of the 
medicine in the medicine chamber Y is discharged 
to the outside. Almost no portion of the medicine 
remains in the capsule because the spring contin- 
ues to press the piston 5 even after the overlap of 
the ports 9 and 10 is ceased or even after the 
pressure of the compressed air has been reduced. 

The capsule 1 after the dosage further moves 
in the patient's body and is discharge together with 
the human waste. 

Furthermore, although capsules 1 for dosage 
have been described as the embodiment, it is 
possible to construct a single medical capsule 
which can simultaneously perform both dosage and 
sampling. 

Claims 

1. A medical capsule including: a main block (3); 
an outer cylinder (2) and a cover (4) which are 
secured to opposite ends of said main block 
(3); a working chamber (A) defined between 
the main block (3) and the outer cylinder (2); a 
piston (5) slidably received in the working 
chamber (A): a spring member acting between 
said piston (5) and said main block (3) so as to 
urge said piston (5) towards the outer end of 
said outer cylinder; a fixing thread (28) for 
fixing said piston (5) of said main block (3) 
against the force of said spring member (26); a 
filament (16) for heating and melt-cutting said 



fixing thread (28); a battery (B) for supplying 
electrical power to said filament (16); and a 
remote-controllable means (S) capable of con- 
necting said filament (16) to said battery (B); 

5 Characterized in that a medicine discharge 

opening (6) is formed in one end of said outer 
cylinder (2); a seal film (m) closes said dis- 
charge opening (6) so as to seal said working 
chamber (A); and a projection (22a) is provided 

10 on the end of said piston (5) adjacent to said 

seal film (m) so as to puncture said seal film 
(m) when said piston (5) advances. 

2. A medical capsule according to Claim 1, 
75 wherein said working chamber (A) is a hollow 

chamber and is provided with a port through 
which a humor is sucked into said working 
chamber (A) as a negative pressure is estab- 
lished in said working chamber (A) as a result 
20 of the movement of said piston. 

3- A medical capsule according to Claim 1, 
wherein said remote-controllable means (S) in- 
cludes a normally-opened lead switch adapted 
25 to be turned on and off by an externally ap- 

plied magnetic force. 

4. A medical capsule according to Claim 3, 
wherein said lead switch (S) has a pair of 

30 contacts (13) and (15) made from a resilient 

magnetic material. 

5. A medical capsule according to Claim 1, 
wherein said sea! film (m) is made of poly- 

35 tetrafluoroethylene. 

6- A medical capsule according to Claim 1, 
wherein a combustible material is applied to 
said fixing thread (28). 

40 

7. A medical capsule according to Claim 6, 
wherein said fixing thread is provided so as to 
contact said filament (16) in a cavity (17) 
formed in said main block (3). 

45 

8. A medical capsule according to Claim 6, 
wherein said fixing thread (28) is made of 
polyethylene terephthalate and is impregnated 
with a combustible oil. 

50 

9. A medical capsule according to Claim 1 , 
wherein said block (3), outer cylinder (2) and 
said cover (4) are made from a polycarbonate 
resin. 

55 

10. A medical capsule according to Claim 1, 
wherein said battery (B) is a silver battery. 
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